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During mitosis, the interaction between chromosomes and microtubules requires nuclear envelope
disassembly in prophase. Two articles in this issue of Developmental Cell show that centrosomes
have a role in promoting nuclear envelope breakdown (Hachet et al., 2007; Portier et al., 2007).
Surprisingly, the role of the centrosome in this process is independent of its role as a microtubule
nucleation organelle. Instead, the centrosome seems to act as a spatial regulator for the activation
of the Aurora A kinase.In higher eukaryotes, open mitosis is
characterized by the breakdown of
the nuclear envelope (NEBD) and its
re-formation in late telophase after
chromosome segregation is complete.
What is the signal that triggers NEBD?
Two recent studies using the worm
Caenorhabditis elegans now implicate
the centrosome in facilitating NEBD
(Hachet et al., 2007; Portier et al.,
2007). After fertilization in C. elegans,
microtubules (MTs) nucleated from
the centrosome introduced with the
male pronucleus capture the female
pronucleus. When the two pronuclei
meet, NEBD is synchronously initi-
ated. Hachet and colleagues (Hachet
et al., 2007) show that in embryos
where pronuclear migration is com-
promised, NEBD is asynchronous. In-
variably, the male pronucleus initiated
NEBD 80s before the female, and
this seems to be caused by a delay in
the female pronuclear NEBD.
But how can failure in pronuclear mi-
gration result in asynchronous NEBD?
And why is the male pronucleus con-
sistently the first to undergo NEBD?
An intrinsic difference between the
two pronuclei is that centrosomes are
associated with the male pronucleus.
In C. elegans, two paternally provided
centrioles fertilize an acentriolar oo-
cyte. The centriole pair undergoes
a round of duplication and remains
associated with the male pronucleus
until the formation of the first bipolar
spindle. To determine whether centro-
somes influence NEBD, Hachet and
colleagues and Portier and colleagues
assayed NEBD in embryos with a mu-
tant centrosome (Hachet et al., 2007;
Portier et al., 2007). In these embryos,NEBD took place synchronously even
when the two pronuclei remained
separate. Furthermore, NEBD was not
significantly delayed compared to
embryos with wild-type centrosomes,
indicating that the centrosome con-
tributes a factor that accelerates
NEBD. This was beautifully supported
by experiments in which centrosomes
were detached from the male pronu-
cleus by depleting the Zyg-12 protein.
In these embryos either the male or the
female pronucleus underwent NEBD
first depending on which one first con-
tacted a centrosome (Hachet et al.,
2007). In vertebrate cells, centrosomal
microtubules induce invaginations in
the nuclear envelope that facilitate
NEBD (Beaudouin et al., 2002), but
surprisingly MTs do not seem to be
required for NEBD in the C. elegans
embryo because neither depleting
g-tubulin nor nocodazole treatment
inhibited NEBD (Hachet et al., 2007;
Portier et al., 2007). These results
clearly point towards a MT-indepen-
dent role for centrosomes in NEBD.
So, how might centrosomes con-
tribute to NEBD? A likely route is
through the mitotic Aurora A kinase,
AIR-1, a centrosomal protein required
for several aspects of mitosis (Fig-
ure 1). The effect of AIR-1 depletion
was the starting point for the study by
Portier and colleagues, as it had previ-
ously been shown that air-1 embryos
delayed entry to mitosis. Using an
image analysis assay, these authors
compared wild-type and air-1 em-
bryos, and found that chromosome
condensation was not affected, but
NEBDwas significantly delayed. Using
two different sized markers taggedDevelopmental Cwith different fluorophores they found
that AIR-1 is required for all steps of
NEBD including lamina disassembly
(Portier et al., 2007).
Although the Aurora A kinase has
been intensively investigated, our un-
derstanding of its activation and
mode of action is still limited. Aurora
A localizes to centrosomes and spin-
dle MTs where it is thought to phos-
phorylate proteins required for bipolar
spindle formation. Three proteins,
Ajuba, Bora, and TPX2 (Giet et al.,
2005; Hutterer et al., 2006), have
been identified as Aurora A activators
although the importance of Ajuba has
been called into question by the ob-
servation that knockout mice lacking
Ajuba are viable (Pratt et al., 2005).
Interestingly, the only characterized
C. elegans Aurora A activator, TPXL-1,
does not seem to have a role in
NEBD (Portier et al., 2007). It is also
unclear how Aurora A kinase stimu-
lates NEBD. One simple possibility
would be that Aurora A promotes
NEBD by phosphorylating nuclear
pore components. However, the cyclin
B-Cdk1 and PKC kinases have been
more closely implicated in this, there-
fore, Aurora A might act upstream in
a cascade of events that lead to NEBD.
Together, these results indicated
that centrosomes promoted mitotic
entry as the site of active Aurora A.
However, centrosomes were not es-
sential for the onset of mitosis, since
depletion of SPD-5 (themost upstream
regulator of centrosome assembly in
C. elegans) only delayed NEBD. This
observation is in agreement with stud-
ies carried out in mammalian cells
and in Drosophila where centrosomesell 12, April 2007 ª2007 Elsevier Inc. 475
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PreviewsFigure 1. Nuclear envelope breakdown (NEBD) is facilitated by Aurora A (AIR-1)
at the centrosome
(A) In wild-type embryos, the centrosomes (green dots) associated with the male pronucleus (blue
circle) nucleate microtubules (MTs, green bars) to capture the female pronucleus (pink circle).
Chromosomes first start to condense and the joined pronuclei undergo synchronous NEBD
(dashed line).
(B) If pronuclear migration is perturbed, due to MT stabilization defects, NEBD is asynchronous.
Themale pronucleus undergoes NEBD before the female pronucleus. There is no delay in chromo-
some condensation.
(C) When centrosome maturation is impaired, NEBD is delayed and synchronous even when the
two pronuclei are separated. This indicates that centrosomes contribute to NEBD. In these
embryos, MT nucleation is also impaired but NEBD still takes place. Together with the results
described in (Hachet et al., 2007; Portier et al., 2007), this suggests that MTs are dispensable
for NEBD.
(D) In air-1 embryos, the joined pronuclei undergoNEBDwith a significant delaywhen compared to
wild-type embryos.
(E) Depletion of both AIR-1 and MT-associated proteins results in failure of pronuclear migra-
tion. However, NEBD takes place synchronously, suggesting that AIR-1 is required for timely
NEBD.
(F) In embryos depleted of Zyg-12, a protein required for nuclear envelope-centrosome attach-
ment, centrosomes are randomly positioned within the embryo.
The first pronucleus to be contacted by a centrosome will undergo NEBD.do not have essential roles in mitosis
(Hinchcliffe et al., 2001; Khodjakov
and Rieder, 2001; Basto et al., 2006).
But, even though a centrosome is not476 Developmental Cell 12, April 2007 ªessential for mitosis, it might facili-
tate timely mitotic entry and this role
may be of particular importance in
specialized divisions such as the rapid2007 Elsevier Inc.postfertilization embryonic divisions. It
appears that the mammalian centro-
some functions as the primary site of
activation of the major mitotic regula-
tor, the Cdk1-cyclin B complex (Jack-
man et al., 2003) and Hachet and
colleagues found that active Cdk1
accumulated in the male pronucleus
before the female in C. elegans em-
bryoswhere the two pronuclei are sep-
arated (Hachet et al., 2007). We do not
know whether centrosomes are also
the primary site for Aurora A activation,
but the work described in these two
Developmental Cell articles reinforces
the hypothesis that centrosomesmight
function as a site of integration for
mitotic proteins.
Might the centrosome have other
roles in the cell cycle? For decades,
this cytoplasmic organelle was mainly
viewed as a MT nucleating center.
Recently, however, a different view
has emerged with the discovery that
critical cell cycle regulators localize to
the centrosome, postulating that it
might function as a signaling platform
to control different cell cycle events.
This view gained further support with
the surprising observations that re-
moving the centrosome (by laser abla-
tion or by microsurgery) resulted in
cells arresting in G1 phase of the cell
cycle (Hinchcliffe et al., 2001; Khodja-
kov and Rieder, 2001). These obser-
vations raised the possibility that ini-
tiating DNA replication might depend
on the presence of an intact centro-
some, or, that vertebrate cells might
possess a checkpoint that blocks the
cell cycle in the absence of centro-
somes. A recent study by Mikule and
colleagues (Mikule et al., 2007) pro-
vides further evidence for a ‘‘centro-
some checkpoint.’’ This study found
that depleting several centrosomal
components by siRNA in human cells
induced a p38 stress-kinase-depen-
dent G1 arrest, which could be re-
lieved by codepleting the tumor sup-
pressor, p53. These results could be
interpreted as a p38 stress-kinase-
p53-dependent checkpoint that moni-
tors whether an intact centrosome is
present (Mikule et al., 2007). However,
this interpretation was recently ques-
tioned by Uetake and colleagues (Ue-
take et al., 2007) who reinvestigated
the effect of removing centrosomes in
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They found that acentrosomal cells did
not arrest in G1 phase unless an addi-
tive secondary stress was also pres-
ent. Moreover, flies without centro-
somes can develop into adults with
normal timing and without a G1 phase
arrest, showing that within the context
of a developing organism the centro-
some is completely dispensable for
cell cycle progression (Basto et al.,
2006). Thus, it is not the absence of
a centrosome per se that triggers an
arrest in G1 phase. More likely, the
p38 kinase-p53-dependent stress re-
sponse is triggered in cells that contain
abnormal centrosomes.Timing Is Everyth
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The eukaryotic cell cycle is character-
ized by four distinct phases: G1, S,
G2, and M. Duplication of the cellular
DNA occurs during S phase and cell
division during M (mitosis). G1, S,
and G2 combined define the inter-
phase between mitoses. The two gap
phases, G1 and G2, are time delays
that allow the cell to grow and monitor
the status of the extracellular and intra-
cellular microenvironment. The tran-
sition between the different phases of
the cell cycle is marked by check-
points that ensure the accurate com-
pletion of the tasks that had to be com-
pleted during the preceding phase.REFERENCES
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networks of regulatory mechanisms
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duplicated DNA into two genetically
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The entry into mitosis is under the
control of the cyclin-dependent kinase
Cdk1 (Nigg, 2001). During G2, the ki-
nases Wee1 and Myt1 phosphorylate
Cdk1 at T14/Y15. PhosphorylatedCdk1
is inactive. The transition from G2 to
M is promoted by the activation of
Cdk1 via dephosphorylation by the
Cdk1 phosphatase Cdc25. Of the
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mitosis. The initial activation of cyclin
B1-associated Cdk1 appears to occur
in the centrosome. Activated Cdk1
complexes translocate into the nu-
cleus during prophase, where they
trigger several positive feedback loops
that further enhance and sustain their
activity as the cells progress through
prophase, prometaphase, and meta-
phase (Lindqvist et al., 2005, and
references therein). First, Cdk1 phos-
phorylates and activates Cdc25C.
Second, it phosphorylates and
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